Abstract Tetraena propinqua (Decne.) Ghazanfar and Osborne ssp. propinqua Alzahrani, and Tetraena propinqua (Decne.) Ghazanfar and Osborne ssp. migahidii (Hadidi ex Beier & Thulin) Alzahrani, are described and illustrated as new subspecies combination nova from Saudi Arabia. The diagnostic characters, description, detailed illustrations, geographical distribution, key to subspecies and taxonomic discussion are provided. The similarities and significant differences between the two subspecies are confirmed by PCoA and UPGMA analyses. The World Conservation Union (IUCN) threatened category and observations on the population are noted. 
Introduction
Zygophylloideae, in the classification by Chase (1996, 2000) , are the largest subfamily in Zygophyllaceae, and consist of about 180 species of shrubs, subshrubs and herbs mainly distribute in arid and semi-arid of areas especially in saline all over the tropics and subtropics regions. At that time, these species were grouped in 4 genera namely Zygophyllum L. (c. 150 species, widespread), Fagonia L. (c. 30 species, widespread), Augea Thunb. (monotypic, southern Africa) and Tetraena Maxim. (monotypic, China). Beier et al. (2003) used morphological characters and noncoding trnL plastid data to investigate the phylogenetic relationships within the subfamily Zygophylloideae. Their results indicated that Fagonia and Tetraena are nested within Zygophyllum. Therefore, they transferred 61 and 35 species from Zygophyllum to Fagonia and Tetraena, respectively as new combinations. However, they resurrected Roepera A. Juss. as a valid genus (originally described from Australia) and proposed Melocarpum as a new genus (previously Zygophyllum sect. Melocarpum). Moreover, they morphologically distinguished Zygophyllum from Tetraena; the fruit being a loculicidal capsule and the staminal appendages undivided in the former, whereas in the latter the fruit is a schizocarp and the staminal appendages sometimes split. Generally, Zygophylloideae, in the classification by Beier et al. (2003) comprises of 6 genera, namely Zygophyllum L. with ±50 species in Asia, Fagonia L. with ±30 species in the Old and the New Worlds, Augea Thunb. with a single species in southern Africa, Roepera A. Juss. with ±60 species in Australia and southern Africa, Tetraena with ±40 species mainly in Africa and Asia and Melocarpum (Engl.) Beier and Thulin with two species in the Horn of Africa. Subsequently, many authors (e.g. Norton et al., 2009; Sakkir et al., 2012; Louhaichi et al., 2011; Mosti et al., 2012; Azevedo, 2014; Symanczik et al., 2014; Albokhari, 2016, 2017; Ghazanfar and Osborne, 2015) followed the classification proposed by Beier et al. (2003) .
Prior to 2003, Tetraena was treated as a monotypic genus and its only species, T. mongolica Maxim. is a restrictedrange species confined to western Inner Mongolia in China. Currently, Tetraena comprises about 40 species with a distribution extending from the Canary Islands in the west, South Africa in the south to China in the east; of which 8 species are found in Saudi Arabia (Ghazanfar and Osborne, 2015) .
Zygophyllum migahidii Hadidi, 1977 is known from Saudi Arabia and Iraq, and is one of the species transferred by Beier et al. (2003) from Zygophyllum to Tetraena to be T. migahidii (Hadidi) Beier and Thulin. In the original description of this species, El-Hadidi (1977) stated that it is closely allied to Z. propinquum Decne., 1835, but flowers and fruits are solitary in the former and arranged in clusters in the latter. Several authors considered Z. migahidii a valid species (e.g. Hosny, 1988; Mandaville, 1990; Migahid, 1996; Chaudhary and Al-Jowaid, 1999; Collenette, 1998 Collenette, , 1999 Al-Arjany, 2011; Waly et al., 2011) , while other authors (e.g. Thomas and Chaudhary in Chaudhary, 2001 ) treated it as a subspecies of Z. propinquum [Z. propinquum ssp. migahidii (Hadidi) Thomas and Chaudhary in Chaudhary, 2001 )] due to some differences in the morphology of their leaflets and capsules.
Zygophyllum propinquum Decne. 1835 is known from Egypt (Sinai), Jordan, Syria, Palestine, Saudi Arabia, Kuwait, Iraq, south Iran, Afghanistan and Pakistan. Through a recent typification, Ghazanfar and Osborne (2015) redescribed this species and transferred it to Tetraena to be T. migahidii (Decne.) Ghazanfar and Osborne (2015) . They also examined the original material that identified by El-Hadidi (1977) as Z. migahidii at Kew Herbarium (K) and the Natural History Museum Herbarium (BM), observing that it is very difficult to distinguish this material from that of Z. propinquum and the specific taxonomic difference used by El-Hadidi (1977) to distinguish these two species from each other were not true. Therefore, they considered Z. migahidii as a synonymy of T. propinquum.
In the present study, Tetraena propinqua (Decne.) Ghazanfar and Osborne (2015) and T. migahidii (Hadidi) Beier and Thulin (2003) are considered as two subspecies of T. propinqua based on the morphological characters of leaf, flower and capsule, and their qualitative and quantitative analyses.
Materials and methods
During 2013-2014, plant material was collected in Saudi Arabia at central, eastern and western Saudi Arabia (Fig. 1 (Tables 1 and 2 ), including both vegetative and reproductive features, such as leaf, flower and fruit characters were estimated with the aid of a Novex AP-20 streomicroscope and Â10 hand lens. The average measurements for ten mature leaves, flowers and fruits were taken for each sample was scored. Measurements of dried herbarium specimens were boiled in distilled water. Measurements are given in millimeters, except where indicated.
Qualitative and quantitative characters of T. propinqua were analyzed by the Principal Coordinates Analysis (PCoA) and the Unweighted Pair Group Method with Arithmetic Algorithm (UPGMA), based on the similarity matrix generated using Gower's general similarity coefficient (Gower, 1966) . Both analyses were performed using the package MVSP version 3.1 (Kovach, 1999) . Qualitative characters were coded as binary characters (Table 3) . Conservation threat assessments follow the International Union for Conservation of Gower's general similarity coefficient (Gower, 1966) was used for PCoA based on morphological data and shown in Fig. 2 . The first three principal coordinate axes accounted for 46.233%, 14.636%, and 8.173% of the total variation in the data, respectively. The variance of the first two principal coordinates explained 60.869% of the total variation and the ordination of these two axes showed two groups ( Fig. 2A) . The variance of the first and third principal coordinates accounted 54.406% of the total variation and the two-dimensional plots of these two axes revealed two groups (Fig. 2B) .
Cluster analysis (UPGMA)
In order to investigate the relationships among the Saudi Arabian T. propinqua accessions, the UPGMA analysis was examined based on Gower's general similarity coefficient (Gower, 1966) . The UPGMA separate Saudi Arabian T. propinqua into two clusters (Fig. 3) . Tetraena propinqua plants are distributed in different locations in Saudi Arabia (Fig. 1) . However, during field collection, some morphological varieties, especially in the leaf, flower parts and capsule characters (Figs. 4 and 5, Table 4 ), were observed among individuals' plants of this species. The PCoA and the UPGMA examination showed significant difference for qualitative and quantitative morphological characters studied. Individuals of T. propinqua accessions were split off in the PCoA of morphological data as two clusters in both first two axes and in the first and third axes ( Fig. 2A and B) . In cluster 1, seventeen individuals with characters entirely overlapping those of T. propinqua ssp. (Gower, 1966) . Roman numerals are used to identify the clusters. propinqua, (B) fruit shape of T. propinqua ssp. propinqua, (C) capsule lobe shape of T. propinqua ssp. propinqua, (D) leaf shape of T. propinqua ssp. migahidii, (E) fruit shape of T. propinqua ssp. migahidii, (F) capsule lobe shape of T. propinqua ssp. migahidii. together, in cluster 2, eight individuals with characters entirely overlapping those of T. propinqua ssp. propinqua were grouped together. Likewise, in the UPGMA dendrogram (Fig. 3) , individuals of T. propinqua split off as two clusters; cluster I includes seventeen individuals with characters entirely overlapping those of T. propinqua ssp. migahidii, cluster II comprises eight individuals with characters entirely overlapping those of T. propinqua ssp. propinqua.
Taxonomy

Tetraena propinqua
Perennial shrubs, green to grey-green, up to 50 cm high, 80-100 cm wide; stems erect to ascending, pubescent, with unicellular simple trichomes; leaves 2-foliolate, opposite, green to whitish green; leaflets cylindrical, up to 12 mm long, 2-4 mm wide, apex rounded or acute, fleshy, pubescent, sometimes 299, pl. 54, 1-8 (Townsend and Guest 1980) . Basionym: Tetraena propinqua (Decne.) Ghazanfar and Osborn, in Kew Bulletin, 70: 38 (2015) .
Synonyms: Zygophyllum propinquum Decne, in Ann. Sci. Nat., Bot. se´r. 2, 3: 283 (1835); Zygophyllum propinquum ssp. Conservation status: The current conservation status of the T. propinqua ssp. propinqua appears to be distributed in some localities in the north region and western central of Saudi Arabia. At the international level, this species is evaluated as Least Concern (LC) since it also grows in Egypt (Sinai), Palestine, Iraq, Iran, Afghanistan, Pakistan and India (IUCN, 2014) .
Habitat: Sandy and gravel desert. Conservation status: The current conservation status of the T. propinqua ssp. migahidii appears to be distributed in some localities in the north region and western central of Saudi Arabia. At the international level, this species is evaluated as Least Concern (LC) since it also grows in Iraq (IUCN, 2014) .
Habitat: Sandy salt habitats and gravels desert. 
Discussion
Ghazanfar and Osborne (2015) counted nine species of Tetraena that distributed in the SW of Asia including the Arabian Peninsula and Saudi Arabia, they are: T. alba, T. coccinea, T. decumbens, T. dumosa, T. hamiensis, T. mandavillei, T. propinqua, T. qatarensis, and T. simplex. They did not use Tetraena migahidii (Hadidi) Beier and Thulin 2003, in their comparison with Zygophyllum propinquum and it is not reported in the key to the species of Tetraena in SW Asia and it is not even mentioned as a synonym under any species either. They only treated the type specimen of Zygophyllum migahidii Hadidi (1977) as a synonym to Tetraena propinqua (Decne.) Ghazanfar and Osborne (2015) . El-Hadidi (1977) cited in the type description of the Zygophyllum migahidii that the main difference between the two species of Z. propinquum and Z. migahidii is the number of flowers and fruits and the size of capsule pedicle. He reported that the flowers and fruits are solitary at each node and the flower pedicle is 10-15 mm and the capsule pedicle is 8-10 mm long. However, it has been reported, in this study, in all examined specimens including the isotype of Zygophyllum migahidii (KSU-574/A), that the flowers are 1-3 at each node even in the apical nodes (agree with the notice of Ghazanfar and Osborne, 2015) , while the capsule pedicle is up to 14 mm long, and cannot be shorter than flower pedicle as El Hadidi cited in the original description of Z. migahidii. Chaudhary (2001) who recognized Z. migahidii as subspecies to Z. propinquum reported that there is more than one flower in the basal nodes, and the length of flower and capsule pedicle up to 13 mm. Moreover, Ghazanfar and Osborne (2015) reported that the surface of leaflets pubescent sometimes becoming glabrous and surface of capsule is glabrous in T. propinqua (syn. =Zygo-phyllum propinquum Decne.) as cited in the original description of the Zygophyllum propinquum Decaisne (283: 1835) , but the intensive examination of this work showed that they are pubescent. Additionally, Ghazanfar and Osborne (2015) stated that the leaflet width of T. propinqua is 0.5-2 mm, leaflet pedicle as long as or shorter than the leaflets, and the flowers are white and petals are white to yellow. Therefore, their description is inaccurate as they used herbarium specimens since the colour of the flowers can be changed over the stored time. Furthermore, the width of the mature leaflets cannot be as narrow as they reported (0.5 mm). However, it has been found that in all examined specimens of this study that the length of leaflet is up to 12 mm, the leaflet pedicle is up to 14 mm long, and the coloure of flowers in the field samples are white to whitecreamy. Decaisne cited in the original description of Zygophyllum propinquum that the capsules are ovate-oblong, 5-angled, and glabrous. However, this work has recorded that the capsules are obovate-oblong, 5-angled (agree with Ghazanfar and Osborne, 2015 and Chaudhary, 2001 ) but the capsules are pubescent not glabrous as they stated.
However, T. propinqua differs from other Tetraena species in some morphological characteristics such as leaves 2-foliolate, colour of flower and fruit shape. This study has separated this species into two new combination subspecies, T. propinqua ssp. propinqua and T. propinqua ssp. migahidii, based on the results of filed observation, morphological examinations and morphometric analyses. T. propinqua ssp propinqua, can be distinguished by leaf apex acute, white colour of flower, pedicle up to 7 mm long, capsule obovate oblong, 5-angled, 9-13 Â 4-6.5 mm, pedicle up to 7 mm long, while T. propinqua ssp. migahidii, can be distinguished by leaves with apex rounded, white-creamy flowers, pedicle up to 14 mm long, capsules obconical, 5-angled, 9-12 Â 3-5 mm, pedicle up to 14 mm long. Additionally, The PCoA and the UPGMA examination indicated significant difference for qualitative and quantitative morphological characters studied. Individuals of each subspecies were grouped together in both first two axes and in the first and third axes of The PCoA analysis ( Fig. 2A and B) . Similarly, in the UPGMA analysis accessions of each subspecies were clustered together (Fig. 3) .
